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(54) High purity oxyalkylene-modified organopolysiloxanes 



(57) This invention relates to a method of making 
high purity oxyalkylene-modified organopolysiloxanes 
comprising reacting a mixture comprising a vinyloxy 
polyoxyalkylene compound, an organohydrogensi- 
loxane compound and a platinum group metal-contain- 
ing catalyst. The resulting oxyalkylene-modified organ- 
opolysiloxanes are free from unwanted odor and do not 



contain excess polyoxyalkylene compound since the vi- 
nyloxy polyoxyalkylene compounds are not prone to 
isomerization during the reaction. The oxyalkylene- 
modified organopolysiloxanes of this invention are par- 
ticularly useful in hair care formulations, skin care for- 
mulations, cosmetics, silicone emulsions and in poly- 
urethane foams. 
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Description 

[0001] Our invention provides a method of making high purity oxyalkylene-modified organopolysiloxanes by reacting 
a mixture comprising a vinyloxy polyoxyalkylene compound, an organohydrogensiloxane compound and a platinum 
s group metal-containing catalyst. The resulting oxyalkylene-modified organopolysiloxanes are free from unwanted odor 
and do not contain excess polyoxyalkylene compound since the vinyloxy polyoxyalkylene compounds are not prone 
to isomerization during the reaction. 

[0002] Current oxyalkylene-modified organopolysiloxane copolymers are prepared by reacting an organohydrogen- 
siloxane and an olefinic polyoxyalkylene compound in the presence of a platinum-containing catalyst. Representative 

10 examples of these types of reactions are found in U.S. Patents 2,846,458, 3,842,112, 3,957,843 and 5 : 066,756. 

[0003] Attempts have been made in the art to produce oxyalkylene-modified organopolysiloxanes which are free 
from unwanted odor and do not contain excess polyoxyalkylene compound. For example, U.S. Patent 5,118,764 dis- 
closes a method of producing a purified polyether silicone addition reaction product of a hydrogen siloxane and a 
polyether containing a terminal double bond. These unpurified reaction products contain one or both of unreacted 

15 polyether and internal rearrangement side reaction products which generate unpleasant odors upon storage and upon 
contact with water. Odor is reduced in these compositions by contacting the unpurified reaction products with an aque- 
ous acidic solution until polyether and rearrangement products thereof are converted to odorous substances, and then 
subsequently removing the odorous substances from the thus-treated polyether silicone. 

[0004] Japanese Patent Application Kokai 08208426 discloses a cosmetic base material which contains a modified 
20 silicone compound prepared by reaction of a hydrogencontaining silicone compound with a polyoxyalkylene compound 
of the formula XO(AO) m Y wherein X is a monovalent hydrocarbon group containing 5-30 carbon atoms having one 
double bond and no active hydrogen atom adjacent to the double bond, AO is an oxyalkylene containing 2-8 carbon 
atoms, optionally block or random, Y is hydrogen, a hydrocarbon group containing 1 -24 carbon atoms or an acyl group 
containing 2-24 carbon atoms and m has a value of 1 to 1000. It further discloses that the materials do not cause 
2S odorization of modified silicone compounds. 

[0005] European Patent Publication 0819719 discloses organopolysiloxanes containing -C^Ch^OCCF^R^OH 
groups wherein R 4 and R 5 may be the same or different groups at any given time and is selected from hydrogen or an 
alkyl group which can be branched or unbranched with up to a total of 12 carbon atoms and x has a value from 2 to 
1 1 , a process for preparing these organopolysiloxanes and their use as paint additives. An organopolysiloxane having 
30 the formula 
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CH 3 CH 3 CH 3 

I II 
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I II 
CH 3 (CH 2 ) 2 CH 3 
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(CH 2 ) 4 0(CH 2 CH 2 0)4H 



is disclosed along with a method of preparing these types of materials. 

[0006] German Patent DE1 9631 227 discloses cyclic siloxanes containing polyether groups which are useful as wet- 
ting agents or surfactants in aqueous preparations and as foam stabilizers in the manufacture of polyurethane foams. 
[0007] In the reactions of the art, the allyl polyoxyalkylene compounds are known to isomerize to propenyl polyoxy- 
alkylene compounds which is essentially non-reactive in a hydrosilylation reaction. As a result, a large excess of the 
allyl polyoxyalkylene compound is necessary in a formulation to compensate for the isomerization to ensure the reaction 
of all available SiH. The consequences of this unwanted isomerization reaction are several fold. First, the excess allyl 
polyoxyalkylene compound reamins in the final product. As a result, the oxyalkylene-modified organopolysiloxane is 
55 diluted and not 100% active. Second, cost is added to the oxyalkylene-modified organopolysiloxane because excess 
reagent is needed. Third, the excess allyl polyoxyalkylene compound is an unwanted impurity and can impact final 
product efficacy. Fourth, the excess allyl polyoxyalkylene compound is primarily responsible for unwanted odor in the 
product. The odor is formed as a result of the hydrolysis of the propenyl group forming propionaldehyde. 
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[0008] Our invention provides a method of making high purity oxyalkylene-modified organopolysiloxanes which com- 
prises reacting a mixture comprising a vinyloxy polyoxyalkylene compound, an organohydrogensiloxane compound 
and a platinum group metal-containing catalyst. 

[0009] Emulsions are also taught containing the oxyalkylene-modified organopolysiloxanes produced by the method 
of this invention. 

[0010] It is an object of this invention to produce oxyalkylene-modified organopolysiloxanes which are free from 
unwanted odor and which do not contain excess polyoxyalkylene compounds. 

[0011] Our invention provides oxyalkylene-modified organopolysiloxanes with starting materials which are not prone 
to isomerization during the reaction. 

[0012] Our method of making high purity oxyalkylene-modified organopolysiloxanes comprises reacting a mixture 
comprising: (A) a vinyloxy polyoxyalkylene compound, (B) an organohydrogensiloxane compound and (C) a platinum 
group metal-containing catalyst. 

[0013] "Reacting" for the purposes of this invention denotes simply mixing components (A)-(C) and any optional 
ingredients or heating a mixture of components (A)-(C) and any optional ingredients at temperatures above room 
temperature, preferably at temperatures above 50°C, and more preferably at temperatures from 50-1 50°C. Preferably, 
a mixture of components (A)-(C) and any optional ingredients is heated at temperatures from 50-1 50°C. 
[001 4] Component (A), the vinyloxy polyoxyalkylene compound is preferably a compound having its formula selected 
from CH 2 =CHOR(OC 2 H 4 ) a OR 1 , CH^CHORCOCaH^OR 1 , CH 2 =:CHOR (OC 4 H 8 ) c OR\ CH 2 =CHOR (OC 2 H 4 ) a 
(OC 3 H 6 ) b (OC 4 H 8 ) c OR 1 , CH 2 =CHOR(OC 2 H4) a (OC 3 H 6 ) b OR 1 , CH 2 =CHOR(OC 2 H 4 ) a (OC 4 H 8 ) c OR 1 or CH 2 =CHOR 
(OC 3 H 6 ) b (OC 4 H 8 ) c OR 1 wherein R is an alkylene group having at least two carbon atoms, R 1 is selected from a hydrogen 
atom, an alkyl group, an aryl group or an acyl group and a, b and c independently have an average value from 1 to 1 50. 
[0015] The group R is an alkylene group having at least 2 carbon atoms which is exemplified by alkylene groups 
such as ethylene, butylene, 2-methyltrimethylene, hexamethylene, 3-ethyl-hexamethylene, octamethylene and - 
(CH 2 ) 18 -. Preferred alkylene groups have from 2 to 6 carbon atoms. 

[0016] The group R 1 can be a hydrogen atom, an alkyl group, an aryl group or an acyl group. The alkyl groups are 
exemplified by methyl, ethyl, propyl, butyl, hexyl, octyl and decyl. The aryl groups are exemplified by phenyl, tolyl and" 
xylyl. The acyl group can have from 1 to 20 carbon atoms and include groups such as acetyl propionyl, butyryl, iso- 
butyryl, lauroyl, myristoyl and stearoyl 3-carboxypentadecanoyl. Preferably, the acyl group is a group having the formula 
-OCR 4 wherein R 4 denotes a monovalent hydrocarbon group. The monovalent hydrocarbon groups of R 4 are exem- 
plified by alkyl groups such as methyl, ethyl, propyl, butyl, hexyl, octyl and decyl, cycloaliphatic groups such as cy- 
clohexyl, aryl groups such as phenyl, tolyl and xylyl and aralkyl groups such as benzyl and phenylethyl. It is preferred 
that R 4 is an alkyl group such as methyl, ethyl or butyl. 

[0017] In the above formula, preferably a, b and c independently have an average value from 1 to 50, especially 
from 1 to 25. 

[0018] Preferably component (A) is selected from CH 2 =CHO(CH 2 ) n (OC 2 H 4 ) a OH, CH 2 =CHO(CH 2 ) n (OC 2 H 4 ) a 
(OC 3 H 6 ) b OH, CH 2 =CHO(CH^ 

OC(0)CH 3 or CH 2 =CHO(CH 2 ) n (OC 2 H 4 ) a (OC 3 H 6 ) b OC(0)CH 3 wherein n has a value of 2-6, a has an average value of 
1 to 50 and b has an average value of 1 to 50. 

[0019] The vinyloxy polyoxyalkylene compounds of component (A) are prepared by reacting a vinyloxy alcohol ex- 
emplified by 2-(vinyloxy)ethanol (ethylene glycol vinyl ether, i.e. CH 2 =CHO(CH 2 ) 2 OH), 1 ,4-butanediol monovinyl ether 
(CH 2 =CHO(CH 2 ) 4 OH) and 6-(vinyloxy)-1-hexanol(1,6-hexanediol monovinyl ether, i.e. CH 2 =CHO(CH 2 ) 6 OH) with an 
alkylene oxide exemplified by ethylene oxide or both ethylene oxide and propylene oxide in the presence of a base 
catalyst exemplified by alkali metal hydroxides such as potassium hydroxide or sodium hydroxide. 
[0020] Component (A) in this invention is present at levels of 5 to 95 weight percent, and preferably from 30 to 70 
weight percent of the total composition. 

[0021] Component (B) in the method of this invention is an organohydrogensiloxane compound. Component (B) is 
preferably an organohydrogenpolysiloxane compound which is f ree of aliphatic unsaturation and contains two or more 
silicon atoms linked by divalent radicals, an average of from one to two silicon-bonded monovalent radicals per silicon 
atom and an average of at least one silicon-bonded hydrogen atom per compound, The organohydrogensiloxane 
compounds suitable as Component (B) can be linear, branched or resinous. 

[0022] Component (B) is exemplified by bis(trimethylsiloxy)dimethyldisiloxane, 1 ,1 ,1 ,3,5,5, 5-heptamethyltrisiloxane, 
hexamethyltrisiloxane, pentamethyldisiloxane, 1 ,1 ,3,3-tetramethyldisiloxane, dimethylhydrogensiloxy-terminated 
dimethylpolysiloxanes, dimethylhydrogensiloxy-terminated methylhydrogenpolysiloxanes, dimethylhydrogensiloxy- 
terminated dimethylpolysiloxane-methylhydrogenpolysiloxane copolymers, trimethylsiloxy-terminated dimethylpolysi- 
loxane-methylhydrogenpolysiloxane copolymers, trimethylsiloxy-terminated methylhydrogenpolysiloxanes, an alkylhy- 
drogensiloxane selected from R 5 Si(OSiMe 2 H) 3> R 5 Si((OSiMe2) x OSiMe 2 H) 3 , (HMe 2 SiO) 2 -Si(R 5 )-0-(R 5 )Si- 
(OSiMe 2 H) 2 or (HMe 2 SiO(Me 2 SiO) x ) 2 -Si(R 5 )-0-(R 5 )Si-((OSiMe 2 ) x OSiMe 2 H) 2 wherein Me hereinafter denotes methyl, 
R 5 is a C2 to CI 8 straight-chain or branched-chain alkyl substituent and x has a value of 1 to 200 and siloxane resin 
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copolymers consisting essentially of Me 2 HSi0 1/2 units and Si0 2 units. The group R 5 is exemplified by ethyl, n-propyl, 
isopropyl, 2-methylpropyl, 2,2-dimethylpropyl, butyl, 2-methylbutyl, 2,2-dimethylbutyl, 2,3-dimethylbutyl, 2,2,3-trimeth- 
ylbutyl, pentyl, 2-methylpentyl, 3-methylpentyl, 2,2-dimethylpentyl, 2,3-dimethylpentyl, 2.4-dimethylpentyl, 3,3-dimeth- 
ylpentyl, 3-ethylpentyl, hexyl, 2-methylhexyl, 3-methylhexyl, 2-methylhexyl, heptyl, octyl, nonyl, decyl, undecyl, do- 
s decyl, tridecyL tetradecyl. pentadecyl, hexadecyl, heptadecyl and octadecyl. It is preferred that R 5 is selected from 
ethyl, propyl, butyl or octyl. 

[0023] The viscosity at 25°C. of Component (B) is generally from 0.65 to 4000 mrr^/s, and is preferably from 0.8 to 
2000 mm 2 /s (1 mm 2 /s = 1 centistoke). 

[0024] The organohydrogenpolysiloxanes of Component (B) are well known in the art, many of these are available 
io commercially. 

[0025] Component (B) in this invention, is generally present at levels of 5 to 95 weight percent, and preferably from 
30 to 70 weight percent of the total composition. 

[0026] Component (C) in the method of this invention is any platinum group metal-containing catalyst which facilitates 
the reaction of silicon-bonded hydrogen atoms with silicon-bonded alkenyl radicals. By platinum group, it is meant 

15 herein ruthenium, rhodium, palladium, osmium, iridium and platinum. 

[0027] The platinum group metal-containing catalyst is preferably a platinum-containing catalyst since they are the 
most widely used, readily available and provide a more favorable effect for the compositions of this invention in terms 
of improved reaction rates. Platinum-containing catalysts can be a compound or complex of platinum metal. 
[0028] Preferred platinum-containing catalysts include chloroplatinic acid, alcohol modified chloroplatinic acids, com- 

20 plexes of olefins and chloroplatinic acid, complexes of chloroplatinic acid and divinylletramethyldisiloxane, halogenated 
alkali metal platinum compounds exemplified by potassium hexachloroplatinate, potassium hexaiodoplatinate, sodium 
hexachloroplatinate hexahydrate, potassium tetrabromoplatinate, potassium tetrachloroplatinate and sodium tetrachlo- 
roplatinate hydrate, fine platinum particles adsorbed on carbon carriers and platinum black. 

[0029] A particularly preferred platinum-containing catalyst component in the compositions of this invention is a form 
25 of chloroplatinic acid, either as the commonly available hexahydrate form or as the anhydrous form, as taught by U.S. 
Patent 2,823,218. Another particularly useful catalyst is the composition that is obtained by a method comprising re- 
acting chloroplatinic acid with an aliphatically unsaturated organosilicon compound such as divinyttetramethyldisi- 
loxane, as disclosed by U.S. Patent 3,41 9,593, because of its easy dispersibility in organosilicon systems. 
[0030] The amount of platinum-containing catalyst component that is used is not narrowly limited providing there is 
30 a sufficient amount to accelerate a reaction between the organohydrogensiloxane and vinyloxy polyoxyalkylene com- 
pound. The exact necessary amount of this catalyst component will depend on the particular catalyst utilized. Preferably 
the catalyst is added at an amount of 0.5 to 10 parts for every one million parts of (A), and it is highly preferred that 
the amount is at 1 to 4 parts by weight of platinum for every one million parts by weight of (A). 

[0031] The mixture in the method of this invention can further comprise an organic solvent exemplified by alcohols 
35 such as ethanol or isopropanol, aromatic hydrocarbons such as toluene or xylene, ethers such as dioxane and tet- 
rahydrofuran (THF), aliphatic hydrocarbons, esters, ketones and chlorinated hydrocarbons. 

[0032] The oxyalkylene-modified organopolysiloxanes of this invention are particularly useful in hair care formula- 
tions, skin care formulations, cosmetics, in preparing silicone emulsions and in polyurethane foams. 
[0033] Thus this invention further relates to an organopolysiloxane emulsion comprising: (A) an oxyalkylene-modified 

40 organopolysiloxane compound having its formula selected from: 

R 3 SiO(R 2 SiO) x (RRiSiO) y SiR 3 , RgSiOfRFPSiOJySiRa, R l R 2 SiO(R 2 SiO) x (RRiSiO) y SiR 2 R 1 , R 1 R 2 SiO(RR 1 SiO) y 
SiR 2 Ri and R 1 R 2 SiO(R 2 SiO) x SiR 2 R 1 , R 5 Si(OSiMe 2 Ri) 3> R5Si((OSiMe2) 2 OSiMe 2 R 1 ) 3 , (R 1 Me 2 SiO) 2 -Si(R5)-0(R5)Si- 
(OSiMe 2 R 1 ) 2 , (R 1 Me 2 SiO(Me 2 SiO) z ) 2 -Si(R 5 )-0-(R 5 )Si-((OSiMe 2 ) 2 OSiMe 2 R 1 ) 2 or siloxane resin copolymers consist- 
ing essentially of Me 2 R 1 Si0 1 ^ units and Si0 2 units wherein R is a monovalent hydrocarbon radical having from 1 to 

45 20 carbon atoms, R 1 is a polyoxyalkylene group selected from 
-CH 2 CH 2 OR 2 (OC 2 H 4 ) a OR 3 , 
-CH 2 CH 2 OR 2 (OC 3 H 6 ) b OR 3 , 
-CH 2 CH 2 OR 2 (OC 4 H 8 ) c OR 3 , 
-CH 2 CH 2 OR2(OC 2 H 4 ) a (OC 3 H 6 ) b (OC 4 H 8 ) c OR 3 , 

so -CH 2 CH 2 OR2(OC 2 H 4 ) a (OC 3 H 6 ) b OR3, 

-CH 2 CH 2 OR 2 (OC 2 H 4 ) a (OC 4 H 8 ) c OR 3 or 

-CH 2 CH 2 OR 2 (OC 3 H 6 ) b (OC 4 H 8 ) c OR 3 wherein R 2 is an alkylene group having at least 2 carbon atoms, R 3 is selected 
from a hydrogen atom, an alky! group, an aryl group or an acyl group, R 5 is a C2 to C18 straight-chain or branched- 
chain alkyl substituent, a, b and c independently have an average value from 1 to 150, x has an average value of 1 to 
55 1000, y has an average value of 1 to 1 00 and z has a value of 1 to 200, (B) at least one surfactant, (C) at least one 
volatile methylsiloxane fluid and (D) water. The emulsions of this invention can further comprise an inorganic salt. 
[0034] In the above formula, R is a monovalent hydrocarbon group having from 1 to 20 carbon atoms exemplified 
by alkyl groups such as methyl, ethyl, propyl, butyl, hexyl, octyl and decyl, cycloaliphatic groups such as cyclohexyl. 
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aryl groups such as phenyl, tolyl and xylyl and aralkyl groups such as benzyl and phenylethyl. It is preferred that R is 
selected from methyl or phenyl. The several R radicals can be identical or different, as desired. 
[0035] The group R 2 is an alkylene group having at least 2 carbon atoms which is exemplified by alkylene groups 
exemplified by ethylene, butylene, 2-methyltrimethylene, hexamethylene, 3-ethyl-hexamethylene : octamethylene and 

5 -(CH 2 ) 18 -. Preferred alkylene groups have from 2 to 6 carbon atoms. 

[0036] The group R 3 can be a hydrogen atom, an alkyl group, an aryl group or an acyl group. The alkyl groups are 
exemplified by methyl, ethyl, propyl, butyl, hexyl, octyl and decyl. The aryl groups are exemplified by phenyl, tolyl and 
xylyl. The acyl group can have from 1 to 20 carbon atoms and include groups such as acetyl., propionyl, butyryl, iso- 
butyryl, lauroyl, myristoyl and stearoyl 3-carboxypentadecanoyl. Preferably, the acyl group is a group having theformula 

10 -OCR 4 wherein R 4 denotes a monovalent hydrocarbon group. The monovalent hydrocarbon groups of R 4 are as de- 
lineated above for R. It is preferred that R 4 is a lower alkyl group such as methyl, ethyl or butyl. 
[0037] The group R 5 is exemplified by ethyl, n-propyl, isopropyl, 2-methylpropyl, 2,2-dimethylpropyl, butyl, 2-meth- 
ylbutyl, 2,2-dimethylbutyl, 2,3-dimethylbutyl, 2,2,3-trimethylbutyl, pentyl, 2-methylpentyl, 3-methylpentyl, 2,2-dimeth- 
ylpentyl, 2,3-dimethylpentyl, 2,4-dimethylpentyl, 3,3-dimethylpentyi, 3-ethylpentyl, hexyl, 2-methyihexyl, 3-methyl- 
hexyl, 2-methylhexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, hepta- 
decyl and octadecyl. It is preferred that R 5 is selected from ethyl, propyl, butyl or octyl. 

[0038] In the above formula, preferably x has an average value from 1 to 100, and especially from 10 to 100, y has 
an average value from 1 to 50, and especially from 1 to 1 0, a, b and c independently have an average value from 1 to 
50, preferably from 1 to 25. 

20 [0039] Preferably R 1 is a polyoxyalkylene group selected from -CH 2 CH 2 0(CH 2 ) n (OC 2 H 4 ) a OH, -CH 2 CH 2 0(CH 2 ) n 
(OC 2 H 4 ) a (OC 3 H 6 ) b OH, -CH 2 CH 2 0(CH 2 ) n (OC 2 H 4 ) a OCH 3 , -CH 2 CH 2 0(CH 2 ) n (OC 2 H 4 ) a (OC 3 H 6 ) b OCH 3 , -CH 2 CH 2 0 
(CH 2 ) n (OC 2 H 4 ) a OC(0)CH 3 or -CH 2 CH 2 0(CH 2 )n(OC 2 H 4 )a(OC 3 H 6 ) b OC(0)CH 3 wherein n has a value of 2-6 and a and 
b independently have an average value of from 1 to 25. It is especially preferred that n has a value of 4. 
[0040] Component (A) should be present in the organopolysiloxane emulsion compositions in an amount from 0.5 

2S weight percent (wt%) to 8 wt%, and preferably from 1 to 5 wt%, where wt% is based on the total weight of the emulsion. 
[0041] Component (B) in the emulsions of this invention is at least one surfactant. The surfactant may be an anionic, - 
cationic, nonionic or amphoteric surfactant. The surfactants may be employed separately or in combinations of two or 
more. Suitable surfactants for the preparation of stable aqueous emulsions are known in the art. 
[0042] Examples of suitable anionic surfactants include alkali metal sulforicinates, sulfonated glyceryl esters of fatty 

30 acids such as sulfonated monoglycerides of coconut oil acids, salts of sulfonated monovalent alcohol esters such as 
sodium oleylisethianate, amides of amino sulfonic acids such as the sodium salt of oleyl methyl tauride, sulfonated 
products of fatty acids nitriles such as palmitonitrile sulfonate, sulfonated aromatic hydrocarbons such as sodium alpha- 
naphthalene monosulfonate, condensation products of naphthalene sulfonic acids with formaldehyde, sodium octahy- 
droanthracene sulfonate, alkali metal alkyl sulfates such as ammonium lauryl sulfate or triethanol amine lauryl sulfate, 

35 ether sulfates having alkyl groups of 8 or more carbon atoms such as sodium lauryl ether sulfate or sodium alkyl aryl 
ether sulfates, alkylary Isulfonates having 1 or more alkyl groups of 8 or more carbon atoms, alkylbenzenesulfonic acids 
which are exemplified by hexylbenzenesulfonic acid, octylbenzenesulfonic acid, decylbenzenesulfonic acid, dodecyl- 
benzenesulfonic acid, cetylbenzenesulfonic acid and myristylbenzenesulfonic acid, salts of alkylbenzenesulfonic acids, 
sulfuric esters of polyoxyethylene alkyl ether including CH 3 (CH 2 ) 6 CH 2 0(C 2 H 4 0) 2 S0 3 H, CH 3 (CH 2 ) 7 CH 2 0 

40 (C 2 H 4 0) 35 S0 3 H, CH 3 (CH 2 ) 8 CH 2 0(C 2 H 4 0) 8 S0 3 H, CH 3 (CH 2 ) 19 CH 2 0(C 2 H 4 0) 4 S0 3 H and CH 3 (CH 2 ) 10 CH 2 O 
(C 2 H 4 0) 6 S0 3 H, sodium salts, potassium salts and amine salts of alkylnaphthylsulfonic acid. 

[0043] Examples of suitable cationic surfactants include various fatty acid amines and amides and their derivatives 
and the salts of the fatty acid amines and amides. Examples of aliphatic fatty acid amines include dodecylamine acetate, 
octadecylamine acetate and acetates of the amines of tallow fatty acids, homologues of aromatic amines having fatty 

45 acids such as dodecylanalin, fatty amides derived from aliphatic diamines such as undecylimidazoline, fatty amides 
derived from aliphatic diamines such as undecylimidazoline, fatty amides derived from disubstituted amines such as 
oleylaminodiethylamine, derivatives of ethylene diamine, quaternary ammonium compounds and their salts which are 
exemplified by tallow trimethyl ammonium chloride, dioctadecyldimethyl ammonium chloride, didodecyldimethyl am- 
monium chloride, dihexadecyl ammonium chloride, alkyltrimethylammonium hydroxides such as octyltrimethylammo- 

50 nium hydroxide, dodecyltrimethylammonium hydroxide or hexadecyftrimethylammonium hydroxide, dialkyldimethyl- 
ammonium hydroxides such as octyldimethylammonium hydroxide, decyldimethylammonium hydroxide, didodecyld- 
imethylammonium hydroxide, dioctadecyldimethylammonium hydroxide, tallow trimethylammonium hydroxide, coco- 
nut oil, trimethylammonium hydroxide, methylpolyoxyethylene cocoammonium chloride and dipalmityl hydroxyethyl- 
ammonium methosulfate, amide derivatives of amino alcohols such as beta-hydroxylethylstearylamide and amine salts 

55 of long chain fatty acids. 

[0044] Examples of suitable nonionic surfactants include polyoxyethylene alkyl ethers, polyoxyethylene alkylphenol 
ethers, polyoxyethylene lauryl ethers, polyoxyethylene sorbitan monoleates, polyoxyethylene alkyl esters, polyoxyeth- 
ylene sorbitan alkyl esters, polyethylene glycol, polypropylene glycol, diethylene glycol, ethoxylated trimethylnonanols 
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and polyoxyalkylene glycol modified polysiloxane surfactants. 

[0045] Examples of the amphoteric surfactants that can be used include amino acid surfactants and betaine acid 
surfactants. Combinations of 2 or 3 types of nonionic surfactants, combinations of nonionic surfactants and anionic 
surfactants and combinations of nonionic surfactants and cationic surfactants can also be employed as component (B). 
s [0046] Preferred surfactants as component (B) include trimethylnonyl polyethylene glycol ethers and polyethylene 
glycol ether alcohols containing linear alkyl groups having from 11 to 15 carbon atoms such as 2,6,8-trimethyl-4-non- 
yloxypolyethylene oxyethanol (6 EO) (sold as Tergitol®TMN-6 by OSi Specialties, A Witco Company, Endicott, NY), 
2,6,8-trimethyl-4-nonyloxypolyethylene oxyethanol (10 EO) (sold as Tergito!®TMN-10 by OSi Specialties, A Witco 
Company, Endicott, NY), alkylene-oxypolyethylene oxyethanol (C ni . 15 secondary alkyl, 9 EO) (sold as Tergitol®15-S- 

10 9 by OSi Specialties, A Witco Company, Endicott, NY), alkylene-oxypolyethylene oxyethanol (C in . 15 secondary alkyl, 
15 EO) (sold as Tergitol®15-S-15 by OSi Specialties, A Witco Company, Endicott, NY), octylphenoxy polyethoxy eth- 
anols having varying amounts of ethylene oxide units such as octylphenoxy polyethoxy ethanol (40 EO) (sold as Tritons 
X405 by Rohm and Haas Company, Philadelphia. Pa.), nonionic ethoxylated tridecyl ethers available from Emery 
Industries, Mauldin, S.C. under the general tradename Trycol, alkali metal salts of dialkyl sulfosuccinates available 

15 from American Cyanamid Company, Wayne, N.J. under the general tradename Aerosol, polyethoxylated quaternary 
ammonium salts and ethylene oxide condensation products of the primary fatty amines, available from Armak Company, 
Chicago, 111. under the tradenames Ethoquad, Ethomeen or Arquad and polyoxyalkylene glycol modified polysi- 
loxanes. These preferred surfactants may also be obtained from other suppliers under different tradenames. 
[0047] Component (B) should be present in the organopolysiloxane emulsion compositions in an amount from 0.1 

20 to 7 wt%, and preferably from 0.2 to 3 wt%, said wt% being based on the total weight of the emulsion. 

[0048] Component (C) in the emulsions of this invention is at least one volatile methylsiloxane fluid. The volatile 
methylsiloxane fluid preferably comprises (CH 3 ) d SiO (4 _ d)/2 units wherein d has an average value of 2 to 3. The volatile 
methylsiloxane preferably comprises siloxane units selected from the group consisting of (CH 3 ) 3 Si0 1/2> (CHg^Sio^, 
CH 3 Si0 3/ 2 and Si0 4/2 units. Preferably the volatile methyl siloxane fluid consists essentially of dimethylsiloxane 

25 ((CH 3 ) 2 Si02/2) units, and optionally, trimethylsiloxane ((CH 3 ) 3 Si0 1/2 ) units. Preferably volatile methylsiloxane fluid (C) 
is selected from (i) at least one cyclic siloxane having the formula -((CH 3 ) 2 Si0 2/2 ) d -, (ii) at least one linear polydimeth- 
ylsiloxane having the formula (CH 3 ) 3 SiO((CH 3 ) 2 SiO) e Si(CH 3 ) 3 or (iii) mixtures of (i) and (ii) : wherein d is an integer of 
from 3 to 6 and e is an integer from 0 to 4. Particularly preferred as component (C) are (i) linear polydimethylsiloxanes 
having a viscosity of from 0.65 to 10 mrr^/s, and preferably from 0.65 to 5 mm 2 /s, and (ii) a mixture of (a) a cyclic 

30 siloxane having the formula -((CH 3 ) 2 Si0 2/2 ) 4 - and (b) a cyclic siloxane having the formula ((CH 3 ) 2 Si0 2/2 ) 5 -. Preferably, 
a major portion of the cyclic siloxane mixture comprises the tetramer species (x = 4). 

[0049] Component (C) is present in the organopolysiloxane emulsion in an amount from 20 to 80 wt%, and preferably 
from 25 to 40 wt%, said wt% being based on the total weight of the emulsion. 

[0050] Water (D) forms the remainder of the emulsions of this invention and is present at a level of from 1 to 99 wt%, 
35 preferably from 30 to 70 wt%, said wt% being based on the total weight of the emulsion. 

[0051] The emulsions of this invention can further comprise a silicone gum having a viscosity of at least 1 million 
mm 2 /s. The silicone gum is exemplified by trimethylsiloxy-terminated polydimethylsiloxane gums having a viscosity of 
at least 1 million mm 2 /s and hydroxy -terminated polydimethylsiloxane gums having a viscosity of at least 1 million mm 2 / 
s. Preferably the silicone gum is a hydroxy-terminated polydimethylsiloxane gum having a viscosity of at least 1 million 
40 mm 2 /s. 

[0052] The silicone gum, if present in the organopolysiloxane emulsion, is used in an amount from 0.5 to 5 parts by 
weight per 100 parts by weight of the emulsion. 

[0053] The emulsions of this invention can also further comprise an inorganic salt exemplified by sodium chloride 
and ammonium chloride. The inorganic salt, it present in the organopolysiloxane emulsion compositions, is used in an 

45 amount of up to 2 parts by weight per 1 00 parts by weight of the emulsion. 

[0054] Preparation of the organopolysiloxane emulsions can be carried out by any conventional technique and are 
generally separated into two types, mechanical means and emulsion polymerization means. Mechanical means typi- 
cally involve homogenizing a mixture of a polydiorganosiloxane, one or more surfactants and water using milling ma- 
chinery such as a colloid mill or a sonolator to obtain the desired droplet sizes. Emulsion polymerization methods for 

50 making emulsions utilize low viscosity polymer precursors such as monomers or reactive oligomers, which are immis- 
cible in water, a surfactant to stabilize the polymer precursor droplet in water and a water soluble polymerization catalyst, 
such as quaternary ammonium hydroxides, which polymerize cyclopolysiloxanes in the presence of water. These in- 
clude tallow trimethylammonium hydroxide, quaternary ammonium chlorides such as tallow trimethylammonium chlo- 
ride, metal hydroxides such as sodium hydroxide, strong mineral acids, aliphatically substituted benzenesulfonic acids 

55 and aliphatic sulfonic acids. These components are added to water, the mixture is stirred and polymerization is allowed 
to advance until the reaction is complete or the desired degree of polymerization is obtained. 

[0055] The organopolysiloxane emulsions of this invention may also be in the form of organopolysiloxane macroe- 
mulsions or organopolysiloxane microemulsions. The emulsions of this invention may also contain optional ingredients, 



6 



DOCID: <EP 0995771 A2_L> 



EP 0 995 771 A2 



for example, antifreeze additives, biocides, organic softeners, antistatic agents, preservatives, dyes and flame retard- 
ants. Preferred preservatives include Kathon® LX (5-chloro-2-methyl-4-isothiazolin-3-one from Rohm and Haas, Phil- 
adelphia, PA 19106), Giv-gard® DXN (6-acetoxy-2.4-dimethyl-m-dioxane from Givaudan Corp., Clifton NJ 07014), 
Tektamer® A.D. (from Calgon Corp., Pittsburgh. PA 152300), Nuosept® 91 ,95 (from Huls America, Inc., Piscataway, 
s NJ 08854), Germaben® (diazolidinyl urea and parabens from Sutton Laboratories, Chatham, NJ 07928), Proxel® (from 
ICI Americas Inc., Wilmington, DE 19897), methyl paraben, propyl paraben, sorbic acid, benzoic acid and lauricidin. 
The above optional components can be present in the organopolysiloxane emulsions up to 20 weight percent of the 
total composition, however, it is preferred that the optional components comprise up to 5 wt% of the total composition. 

io Reference Example 1 

[0056] A 7.6 liter jacketed, stirred, stainless steel reactor instrumented to continuously monitor temperature and 
pressure was thoroughly cleaned and dried. An initial charge of 952 g of 1 ,4-butanediol mono-vinyl. ether with 1.09 g 
of solid sodium hydroxide (NaOH) was made at ambient temperature. The reactor was closed and oxygen eliminated 

15 by nitrogen pressure and purge. A total of seven cycles was used. A nitrogen atmosphere of 27.6 kPa was left in the 
reactor. The catalyzed alcohol was then heated to 125°C. While the reactor was being heated, 2745 g of ethylene 
oxide was loaded into a weigh cell connected to the reactor. When the temperature stabilized at 125°C. and pressure 
at 159 kPa, addition of the ethylene oxide was begun through a dip-tube reaching into the catalyzed alcohol. The 
ethylene oxide addition rate was monitored and controlled so that reactor pressure at no time exceeded 448 kPa. A 

20 total time of 680 minutes were required to add all of the ethylene oxide. The reactor and contents were maintained at 
125°C. for an additional 570 minutes to insure complete reaction of the ethylene oxide such that the level of ethylene 
oxide was less than 1 0 ppm. The reactor was cooled and residual base removed by treating with 1 2 grams of magnesium 
silicate. The product of this reaction was a polyoxyalkylene compound having the average formula CH 2 -CHO(CH 2 ) 4 
(OC 2 H 4 ) 7 OH having a hydroxy equivalent weight of 450 and a vinyl equivalent weight of 510. 



25 



55 



Reference Example 2 



[0057] A 7.6 liter jacketed, stirred, stainless steel reactor instrumented to continuously monitor temperature and 
pressure was thoroughly cleaned and dried. An initial charge of 704 g of 1 ,4 butanediol mono-vinyl ether with 1 .70 g 

30 of solid potassium hydroxide (KOH) was made at ambient temperature. The reactor was closed and oxygen eliminated 
by nitrogen pressure and purge. A total of seven cycles was used. A nitrogen atmosphere of 27.6 kPa was left in the 
reactor. The catalyzed alcohol was then heated to 125°C. While the reactor was being heated, 4760 g of ethylene 
oxide was loaded into a weigh cell connected to the reactor. When the temperature stabilized at 125°C. and pressure 
at 153 kPa, addition of the ethylene oxide was begun through a dip-tube reaching into the catalyzed alcohol. The 

35 ethylene oxide addition rate was monitored and controlled so that reactor pressure at no time exceeded 414 kPa. A 
total time of 890 minutes were required to add all of the ethylene oxide. The reactor and contents were maintained at 
125 D C. for an additional 240 minutes to insure complete reaction of the ethylene oxide, such that the level of ethylene 
oxide was less than 10 ppm. The reactor was cooled and residual base removed by treating with 20 g of magnesium 
silicate. The product of this reaction was a polyoxyalkylene compound having the average formula CH 2 =CHO(CH 2 ) 4 

40 (OC 2 H 4 ) 18 OH having a hydroxy equivalent weight of 450 and a vinyl equivalent weight of 51 0. 

Example 1 

[0058] To a 500 ml 3-neck flask was added 1 39.28 g of the compound prepared in Reference Example 1 . The flask 
45 was equipped with a thermometer attached to a thermowatch, an addition funnel, condenser and an air-powered stirrer. 
To the addition funnel was added 60.72 g of 1 ,1 ,1 ,3,5,5,5-heptamethyltrisiloxane. The resulting vinyl/SiH stoichiometry 
was 1:1. Approximately 5% by volume of the heptamethyltrisiloxane was added to the reaction flask. To the flask was 
then added 0.1 g of sodium acetate. The mixture was heated to 75°C. and catalyzed with 45 microliters of a 0.1 molar 
solution of chloroplatinic acid hexahydrate in isopropyl alcohol (IPA). An exotherm to 86°C. was detected. The remaining 
50 heptamethyltrisiloxane was metered into the stirring reaction flask over a 30 minute period. The reaction was allowed 
to stir at 100°C. for 49 hrs. SiH was monitored in the examples via its FTIR absorbance at 2150 cm -1 . The final SiH in 
this example was 44 ppm. The resulting compound is reported in Table 1. 



Example 2 

[0059] A 500 ml three-neck flask was equipped as described in Example 1 . To the flask was added 71 .62 g of the 
compound prepared in Reference Example 1 and 0.052 g of sodium acetate. To the addition funnel was added 28.38 
g of 1 ,1 ,1 ,3,5,5,5-heptamethyltrisiloxane. The resulting vinyl/SiH stoichiometry was 1.1:1. Approximately 5% by volume 
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of the total heptamethyltrisiloxane was fed into the reaction flask. The contents were heated to 70°C. To the flask were 
then added 0.141 g of a 3% solution of chloroplatinic acid hexahydrate in IPA. An exotherm to 78°C. was observed. 
The remaining heptamethyltrisiloxane was metered into the flask over an hour period. The contents were allowed to 
stir at 1 00°C. for 44 hrs. The final SiH was 1 3 ppm. The resulting compound is reported in Table 1 . 

5 

Example 3 

[0060] A 500 ml three-neck flask was equipped as described in Example 1 . To the flask was added 69.64 g of the 
compound prepared in Reference Example 1 . No sodium acetate was added to the reaction flask. To the addition 
io funnel was added 30.36 g of 1 ,1,1,3,5,5,5-heptamethyltrisiloxane. The resulting vinyl/SiH stoichiometry was 1:1. Ap- 
proximately 5% by volume of the total heptamethyltrisiloxane was fed into the reaction flask. The contents were heated 
to70°C. To the flask were then added 0. 11 0 g of a 3.8% solution of chloroplatinic acid hexahydrate in IPA. The remaining 
heptamethyltrisiloxane was metered into the flask over a 1 hour period. The contents were allowed to stir at 100°C. 
and the SiH monitored by FTIR. The final SiH was found to be 78 ppm. The resulting compound is reported in Table 1 . 

15 

Example 4 

[0061] A 250-ml flask was equipped as described in Example 1. To the flask was added 69.64 g of the compound " 
prepared in Reference Example 1, 0.06 g of sodium acetate and 33.33 g of isopropanol. To the addition funnel was 

20 added 30.36 g of 1 ,1 ,1 ,3,5,5, 5-heptamelhyltrisiloxane. The resulting vinyl/SiH stoichiometry was 1:1. Approximately 
5% by volume of the total heptamethyltrisiloxane was fed into the reaction flask. The contents were heated to 75°C. 
To the flask were then added 0.023 g of platinum catalyst solution containing 2.05% by weight of a complex of chloro- 
platinic acid and divinyltetramethyldisiloxane. The remaining heptamethyltrisiloxane was metered into the flask over a 
1 hour period. The contents were allowed to stir at IPA reflux for 6 hrs. The final SiH was 31 ppm. The resulting 

25 compound is reported in Table 1. 

Example 5 

[0062] A 250 ml flask was equipped as described in Example 1 . To the flask was added 69.64 g of the compound 
so prepared in Reference Example 1, 0.06 g of sodium acetate and 33.33 g of isopropanol. To the addition funnel was 
added 30.36 g of 1 ,1 ,1 ,3,5,5,5-heptamethyltrisiioxane. The resulting vinyl/SiH stoichiometry was 1:1. Approximately 
5% by volume of the total heptamethyltrisiloxane was fed into the reaction flask. The contents were heated to 75°C. 
To the flask were then added 0.0010 g of potassium tetrachloroplatinate (K 2 PtCI 4 ). The remaining heptamethyltrisi- 
loxane was metered into the flask over a 1 hour period. The contents were allowed to stir at IPA reflux for 3 hours. The 
35 final SiH was measured by FTIR and found to be 5 ppm. The resulting compound is reported in Table 1. 

Example 6 

[0063] A 250 ml flask was equipped as described in Example 1. To the flask was added 20.42 g of the compound 
to prepared in Reference Example 1, 0.07 g of sodium acetate and 33.33 g of isopropanol. To the addition funnel was 
added 79.58 g of a trimethylsiloxy-terminated dimethylpolysiloxane-methylhydrogenpolysiloxane copolymer having the 
formula Me 3 SiO(Me 2 SiO) 504 (MeHSiO) 19 5 SiMe 3 . The resulting vinyl/SiH stoichiometry was 1:1 . Approximately 5% by 
volume of the total methylhydrogenpolysiloxane was fed into the reaction flask. The contents were heated to 75°C. To 
the flask were then added 0.021 g of a platinum catalyst solution containing 2.05% by weight of Pt(IV). The remaining 
?5 methylhydrogenpolysiloxane was metered into the flask over a 1 hour period. The contents were allowed to stir at IPA 
reflux for 16 hrs. The final SiH was measured by FTIR and found to be 41 ppm. The resulting compound is reported 
in Table 1 . 

[0064] Nuclear Magnetic Resonance Spectroscopy (NMR) was used to characterize the compounds prepared in the 
preceding examples. Both 29 Si and 13 C NMR results are summarized in Table 1. 
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Table 1 



NMR Analysis (wt%) 


Example 


terminal 
vinyl 
polyoxy- 
alkylene 


isomerized 
vinyl 


diol 

polyoxy- 
alkylene 


siloxane 
cyclics 


silane 


product 


D(R) 




D(H) 


D 
























1 


30.2 


0 


11.8 


0 


6.3 


56.2 


0.47 


0.37 


0 


0 


4 


14.4 


0 


11.8 


0 


6.3 


67.5 


0.84 


0.06 


0 


0 


5 


12.7 


0 


11.6 


0 


2.7 


73 


088 


0.06 


0 


0 


6 


6.2 


0 


0.4 


4.1 




89.5 


10 


0.4 


2.4 


320 



[0065] In Table 1 hereinabove: 

terminal vinyl polyoxyalkylene denotes: CH 2 =CHO(CH 2 ) 4 (OC 2 H 4 ) 8 3 OH 
20 diol polyoxyalkylene denotes: HO-(C 2 H 4 0) 16 6 -H 

Silane denotes: Me 3 SiR 1 

D(R) denotes: -(MeRSi0 2/2 )- 

□(R 1 ) denotes: -(MeR 1 SiOg^)- 

D(H) denotes: -(MeHSi0 2/2 )- 
25 D denotes: -(Me 2 Si0 2/2 )- 

R denotes, the group -(CH 2 ) 2 0(CH 2 ) 4 (OC 2 H 4 ) 8 3 OH 

R 1 denotes: -OH or -0(C 2 H 4 O) 8 3 (CH 2 ) 4 OCH=CH 2 

[0066] The product was a compound having the average formula: Me3SiO(Me2SiO)x(MeRSiO)ySiMe3 wherein R 
30 is as defined above, x has a value of 0 and y has a value of about 1 in Examples 1 , 4 and 5 and x has a value of 320 
and y has a value of 10 in Example 6. 

Comparison Example 1 

35 [0067] A silicone polyether copolymer was produced by hydrosilylation of an allyl polyoxyalkylene compound having 
the formula CH 2 =CHCH 2 (OC 2 H 4 ) 77 OH with 1 ,1 ,1 ,3,5,5,5-heptamethyltrisiloxane. The product was produced by re- 
acting a formulation containing a total of 68 wt% of the allyl polyether and 32 wt% of 1,1 ,1 ,3,5,5, 5-heptamethyltrisi- 
loxane. The resulting vinyl/SiH molar stoichiometry is 1 .25/1 . A 1 wt% solution of chloroplatinic acid in I PA is added to 
yield a solution containing 4 ppm platinum as a function of the total combined weight of the allyl polyether and siloxane 

^0 fluid. The mixture also contained 500 ppm of sodium acetate. The silicone polyether copolymer is prepared by loading 
al! of the allyl polyether into a reaction vessel, adding the sodium acetate along with 15 wt% of the total 1,1 ,1 ,3,5,5,5-hep- 
tamethyltrisiloxane. The mixture is heated to 85°C. under an inert nitrogen atmosphere. The chloroplatinic acid solution 
in I PA is then introduced to the mixture. The resulting exotherm is monitored and once subsided, the remaining 
1,1,1, 3,5, 5,5-heptamethyltrisiloxane is metered into the mixture so as to keep the temperature below 100°C. Once the 

45 addition is complete, the mixture is allowed to remain agitated at 100°C. for 3 hours. Excess volatiles are then removed 
at reduced pressure at 100°C. for 1 hour. The product is then cooled and collected. NMR analysis was conducted as 
described above. In this case, no evidence of residual terminal vinyl is seen. The excess vinyl is all seen in an isomerized 
form where the double bond has migrated to the beta position. A summary is shown in Table 2 below. 
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Table 2 





NMR Analysis (wt%) 


5 


Example 


terminal 
vinyl 
polyoxy- 
alkylene 


isomerized 
vinyl 


diol 

polyoxy- 
alkylene 


siloxan e 
cyclics 


silane 


product 


D(R2) 


D(R 3 ) 


D(H) 


D 


10 


C omr.ar. 
Ex. 1 


0 


15.8 


8.2 


0 


0 


76.0 


0.97 


0.03 


0 


0 



[0068] In Table 2 hereinabove: 



terminal vinyl polyoxyalkylene denotes: CH 2 =CHCH 2 (OC 2 H 4 ) 7 7 OH 

diol polyoxyalkylene denotes: HO-(C 2 H 4 0) 15 4 -H 

Silane denotes: Me 3 SiR 3 

D(R 2 ) denotes: (MeR^iO^) - 

D(R 3 ) denotes: -(MeR^iO^)- 

R 2 denotes the group: -(CH 2 ) 2 (OC 2 H 4 ) 7 7 OH and 

R 3 denotes: -OH or -0(C 2 H 4 0)CHCH=CH 2 . 



[0069] D(H) and D are as defined above. 

[0070] The product was a compound having the average formula: Me 3 SiO(MeR 2 SiO) y SiMe 3 wherein R 2 is as defined 
above and y has a value of 1 . 

Example 7 



[0071] The compound produced in Example 1 was evaluated for its utility in reducing the surface tension of water. 
Solutions of the compound of Example 1 in water were prepared at various concentrations. These solutions had their 
surface tension determined utilizing a Cahn Dynamic Contact Angle Analyzer. Receding contact angle measurements 
were used to determine the surface tension. The relationship between surface tension in milli NewtonsAneter (mN/m) 
vs. the log of the concentration of the compound of Example 1 in water is shown in Table 3 below. 



Table 3 



35 



45 



55 



Surface Tension for Solutions of Example 1 in Water 








surface 




weight 


molarity 


tension 


percent 


mol/kg 


log(wt%) 


mN/m 




9.67E-04 


2.15E-05 


-4.015 


65.34 




1.52E-03 


3.38E-04 


-3.818 


57.92 




2.74E-03 


6.08E-04 


-3.562 


53.65 




5.98E-03 


1.33E-04 


-3.223 


41.66 




1.13E-02 


2.51 E-04 


-2.947 


39.68 




2.48E-02 


5.52E-04 


-2.606 


32.18 




5.46E-02 


1.21 E-03 


-2.263 


22.46 




7.72E-02 


1.71E-03 


-2.112 


23.81 




1.91 E-01 


4.24E-03 


-1.719 


22.33 




3.80E-02 


8.44E-03 


-2.420 


22.92 




7.52E-01 


1.67E-02 


-1.124 


20.88 




1.88E-00 


4.19E-02 


-0.726 


21.66 
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Example B 

[0072] A water-in-oil silicone emulsion was prepared with the compound prepared in Example 6. The emulsion was 
prepared from a formulation containing 33.6 g of dimethylcyclosiloxanes, 24 g of blend of 85 wt% of dimethyicyclosi- 

5 loxanes and 1 5 wt% of a hydroxy-terminated polydimethylsiloxane gum having a viscosity of over 1 million mm 2 /s and 
2.4 g of the compound prepared in Example 6 in the oil phase and 176.4 g of deionized water, 2.4 g sodium chloride 
and 1.2 g of TWEE NO™ 20 (a polyoxyethylene (20) monolaurate having an HLB of 16.7 marketed by ICI Americas, 
Inc. Wilmington, DE) in the aqueous phase. The emulsion is prepared by initially weighing the components of the 
aqueous phase into a 400 ml beaker and then mixing until homogeneous and smooth. Air entrapment is avoided. Then, 

io the oil phase components are mixed in a 600 ml beaker and mixed unit homogeneous. Again air entrapment is avoided. 
A high speed rotary mixer is inserted into the beaker containing the oil phase such that the blade is just off the bottom 
of the beaker. A double blade configuration is used. They are 2.54 cm apart. The lower blade is 5.02 cm in diameter 
and the top blade is 6.53 cm in diameter. 

Gradually the speed of the stirrer is increased until a mix speed of 1 376 RPM is reached. The water phase is added 
is to the mixing oil phase at a rate of 20 g/min. Once added, the emulsion is mixed for an additional 15 min and then 
poured into vials foraging testing. Three stability tests were run: room temperature, 50°C. oven age and freeze/thaw 
testing. After one month, the emulsion was still stable in both the room temperature and oven aged tests. The emulsion 
remained one phase after five freeze/thaw cycles (this involved keeping the sample in a -20°C. freezer overnight, then 
removed and allowed to thaw back to room temperature, then returned to the freezer for the subsequent cycle. 

20 

Example 9 



[0073] A second water-in-oil silicone emulsion was prepared with the compound prepared in Example 6. The emul- 
sion was prepared from a formulation containing 69.6 g of dimethylcyclosiloxanes and 2.4 g of the compound of Example 
2S 6 in the oil phase and 164.4 g deionized water, 2.4 g sodium chloride and 1 .2 g Tween™ 20 in the aqueous phase. 
The emulsion was then prepared according to the procedure of Example 8. This emulsion was then subjected to the 
three stability tests described in Example 8. After one month, the emulsion was stable in the room temperature test. 
The material stored in the 50°C. oven had some evidence of separation exhibited by a cream on the top of the formu- 
lation. The emulsion remained one phase after five freeze/thaw cycles. 

30 

Example 10 



[0074] A flask was equipped as described in Example 1. To the flask was added 0.025 moles of the compound 
prepared in Reference Example 1 , 25 g of anhydrous toluene and 0.0025 g of potassium tetrachloroplatinate. The 
35 reaction mixture was heated to reflux and 0.025 moles of a dimethylhydrogensiloxy-terminated polydimethylsiloxane 
having a viscosity of 17 mPa-s (1mPa-s = 1 centipoise) at 25°C. and containing 1056 ppm of H was added over a two 
hour period. The reaction was monitored by Infra-Red analysis (ca. 2100cm' 1 ) and left for twelve hours, upon which 
the SiH content was less than 10 ppm. The toluene was removed under reduced pressure and the product filtered, 
using a filter aid, to yield a clear fluid. The NMR analysis of this product is shown in Table 4 below. 

40 

Example 11 

[0075] A flask was equipped as described in Example 1. To the flask was added 0.015 moles of the compound 
prepared in Reference Example 1, 30 g of anhydrous toluene and 0.0025 g of potassium tetrachloroplatinate. The 
45 reaction mixture was heated to reflux and 0.015 moles of a dimethylhydrogensiloxy-terminated polydimethylsiloxane 
having a viscosity of 67 mPa-s at 25°C. and containing 365 ppm of H was added over a two hour period. The reaction 
was monitored by Infra-Red analysis (ca. 2100cm-" 1 ) and left for twelve hours, upon which the SiH content was less 
than 10 ppm. The toluene was removed under reduced pressure and the product filtered, using a filter aid, to yield a 
clear fluid. The NMR analysis of this product is shown in Table 4 below. 

50 

Example 12 



[0076] A flask was equipped as described in Example 1. To the flask was added 0.0071 moles of the compound 
prepared in Reference Example 1, 30 g of anhydrous toluene and 0.0016 g of potassium tetrachloroplatinate. The 
reaction mixture was heated to reflux and 0.0071 moles of a dimethylhydrogensiloxy-terminated polydimethylsiloxane 
having a viscosity of 166 mPa-s at 25°C. and containing 234 ppm of H was added over a two hour period. The reaction 
was monitored by Infra-Red analysis (ca. 21 00cm' 1 )• and left for twelve hours, upon which the SiH content was less 
than 10 ppm. The toluene was removed under reduced pressure and the product filtered, using a filter aid, to yield a 



11 
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clear fluid. The NMR analysis of this product is shown in Table 4 below. 



Table 4 



Example 


% Residual CH=CH 2 <0- referenced to SiCH 2 CH 2 0 by *>H NMR. 


M(H) 


M(R 4 ) 


M(R 5 ) 


D 


10 


2.8 




1.0 


0.04 


12.99 


11 


1.6 




1.0 


0.02 


31.01 


12 


3.5 




1.0 


0.03 


57.05 



10 

[0077] In Table 4: 

M(R 4 ) denotes R 4 Me 2 Si0 1/2 -, 
M(R 5 ) denotes R 5 Me 2 Si0 1/2 -, 
75 D denotes -(IV^SiO^)-, 

R 4 denotes the group (CH 2 ) 2 0(CH 2 ) 4 (OC 2 H 4 ) 7 OH, 
R 5 denotes -OH or -0(C 2 H 4 0) 7 (CH 2 ) 4 OCH=CH 2 , 
M(H) denotes -(HMe 2 Si0 1/2 )- units. 

20 [0078] The product in Examples 10-12 was a compound having the average formula: F^MegSiCHMe^iO^SiMe^ 4 
wherein R 4 is as defined above, x has a value of 13 in Example 10, 31 in Example 11 and 57 in Example 12. 

Comparison Example 2 

25 [0079] A flask was equipped as described in Example #4. To the flask was added an 0.025 moles of an allyl poly- 
oxyaikylene having the formula CH 2 =CHCH 2 (OC 2 H 4 ) 7 OH, 25 g of anhydrous toluene and 0.0025 g of potassium tet- 
rachloroplatinate. The reaction mixture was heated to reflux and then 0.025 moles of a d im ethyl hydrogen si loxy -termi- 
nated polydimethylsiloxane polymer having a viscosity of 17 mPa-s at 25°C. and containing 1056 ppm H, was added 
over a two hour period. The reaction was monitored by Infra-Red analysis (ca. 2100cm" 1 ) and left for twelve hours. 29 Si 

30 NMR analysis showed that only 80% of the SiH had reacted due to isomerization of the allylpolyoxyalkylene to the 
propenyloxy isomer. 

Comparison Example 3 

35 [0080] A flask was equipped as described in Example #4. To the flask was added an 0.030 moles of an allyl poly- 
oxyalkylene having the formula CH 2 ==CHCH 2 (OC 2 H 4 ) 18 OH, 25 g of anhydrous toluene and 0.0025 g of potassium 
tetrachloroplatinate. The reaction mixture was heated to reflux and then 0.025 moles of a dimethylhydrogensiloxy- 
terminated polydimethylsiloxane polymer having a viscosity of 17 mPa-s at 25°C. and containing 1056 ppm H, was 
added over a two hour period. The reaction was monitored by Infra-Red analysis (ca. 2100cm' 1 ) and left for 12 hours 

40 upon which the SiH content was less than 1 0 ppm. The toluene was removed under reduced pressure and the product 
filtered, using a filter aid, to yield a clear fluid. The excess polyoxyalkylene was present as the isomer ized propenyloxy 
isomer which was confirmed by NMR. 

Example 13 

45 

[0081] A flask was equipped as described in Example #4. To the flask was added 0.025 moles of the compound 
prepared in Reference Example 2, 30 g of anhydrous isopropanol, 2.07 x 10 3 moles of sodium acetate and chloropla- 
tinic acid in isopropanol (5 x 10' 5 moles of Pt/mole SiH). The reaction mixture was heated to reflux and 0.025 moles 
of a dimethylhydrogensiloxy-terminated polydimethylsiloxane polymer having a viscosity of 17 mPa-s at 25°C. and 
so containing 1056 ppm H was added over a 2 hour period. The reaction was monitored by Infra-Red analysis (ca. 
2100cm-" 1 ) and left for 12 hours, upon which the SiH content was less than 10 ppm. The isopropanol was removed 
under reduced pressure and the product filtered, using a filter aid, to yield a clear fluid. 

Example 14 

55 

[0082] A flask was equipped as described in Example #4. To the flask was added 0.0124 moles of the compound 
prepared in Reference Example 2, 30 g of anhydrous isopropanol, 2.07 x 10* 3 moles of sodium acetate and chloropla- 
tinic acid in isopropanol (5 x 10* 5 moles ol Pt/mole SiH). The reaction mixture was heated to reflux and 0.0124 moles 
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of a dimethylhydrogensiloxy-terminated polydimethylsilbxane polymer having a viscosity of 67 mPa-s at 25°C. and 
containing 365 ppm H was added over a two hour period. The reaction was monitored by Infra-Red analysis (ca. 
2100crrr 1 ) and left for 12 hours, upon which the SiH content was less than 10 ppm. The isopropanol was removed 
under reduced pressure and the product filtered, using a filter aid, to yield a clear fluid. 

5 

Example 15 

[0083] A flask was equipped as described in Example #4. To the flask was added: 7.03 x 1 0' 3 moles of the compound 
prepared in Reference Example 2, 30 g of anhydrous isopropanol, 7.5 x 1 0" 4 moles of sodium acetate and chloroplatinic 

10 acid in isopropanol (5 x 10" 5 moles of Pt/mole SiH). The reaction mixture was heated to reflux and 7.03 x 10" 3 moles 
of a dimethylhydrogensiloxy-terminated polydimethylsiloxane polymer having a viscosity of 166 mPa-s at 25°C. and 
containing 234 ppm H was added over a 2 hour period. The reaction was monitored by Infra-Red analysis (ca. 2100cm -1 ) 
and left for 1 2 hours, upon which the SiH content was less than 10 ppm. The isopropanol was removed under reduced 
pressure and the product filtered, using a filter aid, to yield a clear fluid. The NMR analysis of the products produced 

'5 in Examples 13-15 is shown in Table 5 below. 



Table 5 



Example 


% Residual CH=CH 2 0- referenced to SiCH 2 CH 2 0 by ^H NMR. 


M(H) 


M(R 6 ) 


M(R 7 ) 


D 


13 


1.2 




1.0 


0.05 


10.87 


14 


1.9 




1.0 


0.02 


37.77 


15 


2.7 




1.0 


0.02 


65.39 



25 [0084] In Table 5: 

M(R 6 ) denotes Me 2 R 6 Si0 1/2 - 
M(R 7 ) denotes Me 2 R 7 Si0 1/2 - 
D denotes -(Me^iO^)- 
30 R 6 denotes the group - (CH 2 ) 2 0(CH 2 ) 4 (OC 2 H 4 ) 18 OH 

R 7 denotes -OH or -0(C 2 H 4 0) 18 (CH 2 ) 4 OCH=CH 2 
M(H) denotes (Me 2 HSi0 1/2 )-. 

The product in Examples 13-15 was a compound having the average formula: R 6 Me 2 SiO(Me 2 SiO) x SiMe 2 R 6 wherein 
3S R 6 is as defined above, x has a value of 11 in Example 13, 38 in Example 14 and 65 in Example 15. 

Example 16 

[0085] A flask was equipped as described in Example #4. To the flask was added 0.046 moles of the compound 
40 produced in Reference Example 1, 30 g of anhydrous isopropanol, 4.55 x 10' 3 moles of sodium acetate and chloro- 
platinic acid in isopropanol (5 x 10 s moles Pt/mole SiH). The reaction mixture was heated to reflux and 0.046 moles 
of a trimethylsiloxy-terminated dimethylpolysiloxane-methylhydrogenpolysiloxane copolymer having a viscosity of 130 
mPa-s at 25°C. and containing 1524 ppm H, was added over a 2 hour period. The reaction was monitored by Infra- 
Red analysis (ca. 2100cm- 1 ) and left for 12 hours, upon which the SiH content was less than 20 ppm. The isopropanol 
45 was removed under reduced pressure and the product filtered, using a filter aid, to yield a clear fluid. 

Example 17 

[0086] A flask was equipped as described in Example #4. To the flask was added 0.023 moles of the compound 
50 produced in Reference Example 1, 30 g of anhydrous isopropanol, 2.27 x 10~ 3 moles of sodium acetate and chloro- 
platinic acid in isopropanol (5 x 10 -5 moles Pt/mole SiH). The reaction mixture was heated to reflux and 0 023 moles 
of a trimethylsiloxy-terminated dimethylpolysiloxane-methylhydrogenpolysiloxane copolymer having a viscosity of 137 
mPa-s at 25°C. and containing 796 ppm H, was added over a two hour period. The reaction was monitored by Infra- 
Red analysis (ca. 2100cm' 1 ) and left for twelve hours, upon which the SiH content was less than 20 ppm. The isopro- 
55 panol was removed under reduced pressure and the product filtered, using a filter aid, to yield a clear fluid. 
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Example 18 

[0087] A flask was equipped as described in Example #4. To the flask was added 7.44 x 1 0" 3 moles of the compound 
produced in Reference Example 1 . 30 g of anhydrous isopropanol, 6.8 x 1 0r 4 moles of sodium acetate and chloroplatinic 
5 acid in isopropanol (5 x 10~ 5 moles Pt/mole SiH). The reaction mixture was heated to reflux and 7.44 x 10" 3 moles of 
a trimethylsiloxy-terminated dimethylpolysiloxane-methylhydrogenpolysiloxane copolymer having a viscosity of 149 
mPa-s at 25°C. and containing 248 ppm H, was added over a 2 hour period. The reaction was monitored by Infra-Red 
analysis (ca. 2100cm- 1 ) and left for 12 hours NMR analysis showed that the reaction had not gone to completion. 

io Table 6 



Example 


% Residual CH=CH 2 0- referenced to SiCH 2 CH 2 0 by NMR. 


D(H) 


D(R 8 ) 


D(R 9 ) 


D 


16 


11.6 




3.12 


0.35 


40.03 


17 


9.2 




2.19 


0.20 


46.61 


18 


16.1 


0.06 


0.56 


0.05 


49.09 



[0088] In Table 6 hereinabove: 



20 D(R 8 ) denotes -(MeR 8 Si0 2/2 )- 

D(R 9 ) denotes -(MeR 9 Si0 2/2 )- 
D(H) denotes -(MeHSi0 2/2 )- 
D denotes -(Me 2 Si0 2/2 )- 

R 8 denotes the group -(CH 2 ) 2 0(CH 2 ) 4 (OC 2 H 4 ) 7 OH 
25 R 9 denotes -OH or -0(C 2 H 4 0) 7 (CH 2 ) 4 OCH=CH 2 

The product was a compound having the average formula: 

Me 3 SiO(Me 2 SiO) x (MeR 8 SiO) y SiMe 3 wherein R 8 is as defined above, x has a value of 40 and y has a value of 3 in 
Example 16, x has a value of 47 and y has a value of 2 in Example 17 and x has a value of 49 and y has a value of 1 
30 in Example 18. 



Claims 

35 1. A method of making oxyalkylene-modified organopolysiloxanes comprising reacting a mixture comprising: 

(A) a vinyloxy polyoxyalkylene compound having its formula selected from 
CH 2 =CHOR(OC 2 H 4 ) a OR 1 , 

CH 2 =CHOR(OC 3 H 6 ) b OR 1 , 
40 CH 2 =CHOR(OC 4 H 8 ) C OR 1 , 

CH 2 =CHOR(OC 2 H 4 ) a (OC 3 H 6 ) b (OC 4 H 8 ) c OR 1 , 
CH 2 =CHOR(OC 2 H 4 ) a (OC 3 H 6 ) b OR 1 , 
CH 2 =CHOR(OC 2 H 4 ) a (OC 4 H 8 ) c OR 1 or 

CH 2 =CHOR(OC 3 H 6 ) b (OC 4 H 8 ) c OR 1 wherein R is an alkylene group having at least two carbon atoms, R 1 is 
45 selected from hydrogen atom, an alkyl group, an aryl group and an acyl group, and a, b and c independently 

have an average value from 1 to 150, 

(B) an organohydrogensiloxane compound; and 

(C) a platinum group metal-containing catalyst. 

50 2. A method according to claim 1 wherein a, b and c independently have an average value from 1 to 25. 

3. A method according to claim 1 or 2, wherein (A) is selected from CH 2 =CHO(CH 2 ) n (OC 2 H 4 ) a OH, CH 2 =CHO(CH 2 ) n 
(OC 2 H 4 ) a (OC 3 H 6 ) b OH, CH 2 =CHO(CH 2 ) n (OC 2 H 4 ) a OCH 3 , CH 2 =CHO(CH 2 ) n (OC 2 H 4 ) a (bc 3 H 6 ) b OCH 3 , CH 2 =CHO 
(CH 2 ) n (OC 2 H 4 ) a OC(0)CH 3 or CH 2 =CHO(CH 2 ) n (OC 2 H 4 ) a (OC 3 H 6 ) b OC(0)CH 3 wherein n has a value of 2-6, a has 

55 an average value of 1 to 50 and b has an average value of .1 to 50. 

4. A method according to any of claims 1 to 3, wherein (B) is selected from bis(trimethylsiloxy)dimethyldisiloxane, 
1,1,1 ,3,5,5,5-heptamethyltrisiloxane, hexamethyltrisiloxane, pentamethyldisiloxane, 1 , 1 ,3,3-tetramethyldisi- 
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w 



loxane. dimethylhydrogensiloxy-terminated dimethylpolysiloxanes, dimethylhydrogensiloxy-terminated methylhy- 
drogenpolysiloxanes, dimethylhydrogensiloxy-terminated dimethylpolysiloxane-methylhydrogenpolysiloxane co- 
polymers, trimethylsiloxy-terminated dimethylpolysiloxane-methylhydrogenpolysiloxane copolymers, trimethylsi- 
loxy-terminated methylhydrogenpolysiloxanes, an alkylhydrogensiloxane selected from R 5 Si(OSiMe 2 H) 3 , R 5 Si 
((OSiMe2) x OSiMe 2 H)3, (HMe 2 SiO) 2 -Si(R s )-0-(R 5 )Si-(OSiMe 2 H) 2 and (HMe 2 SiO(Me 2 SiO) x ) 2 -Si(R 5 )-0(R5)Si- 
((OSiMe 2 ) x OSiMe 2 H) 2 wherein R 5 is a C2 to C18 straight-chain or branched-chain alkyl substituent and x has a 
value of 1 to 200 and siloxane resin copolymers consisting essentially of Me 2 HSi0 1/2 units and Si0 2 units. 

5. A method according to any of claims 1 to 4, wherein the mixture further comprises an organic solvent. 

6. An organopolysiloxane emulsion comprising: 



(A) an oxyalkylene-modified organopolysiloxane compound having its formula selected from: 

R 3 SiO(R 2 SiO) x (RR 1 SiO) y SiR 3> 
15 R 3 SiO(RR 1 SiO) y SiR 3 , 

R 1 R 2 SiO(R 2 SiO) x (RR 1 SiOJySiR^ 1 , 

R 1 R 2 SiO(RR 1 SiO) y SiR 2 R 1 , 

R 1 R 2 SiO(R 2 SiO) x SiR 2 R 1 

R 5 Si(OSiMe 2 R 1 ) 3l 
20 R 5 Si((OSiMe2) 2 OSiMe 2 R 1 ) 3 , 

(R 1 Me 2 SiO) 2 -Si(R 5 )-0-(R 5 )Si-(OSiMe 2 R 1 ) 2 , 

(R 1 Me 2 SiO(Me 2 SiO) 2 ) 2 -Si(R 5 )-0-(R 5 )Si-((OSiMe 2 ) z OSiMe 2 R 1 ) 2 or siloxane resin copolymers consisting es- 
sentially of Me 2 R 1 Si0 1/2 units and Si0 2 units wherein R is a monovalent hydrocarbon radical having from 1 
to 20 carbon atoms, R 1 is a polyoxyalkylene group selected from 

2S -CH 2 CH 2 OR 2 (OC 2 H 4 ) a OR 3 , 
-CH 2 CH 2 OR 2 (OC 3 H 6 ) b OR 3 , 
-CH 2 CH 2 OR 2 (OC 4 H 8 ) c OR 3 > 
-CH 2 CH 2 OR2(OC 2 H 4 ) a (OC 3 H 6 ) b (OC 4 H 8 ) c OR3, 
-CH 2 CH 2 OR 2 (OC 2 H 4 ) a (OC 3 H 6 ) b OR 3 , 

30 -CH 2 CH 2 OR2(OC 2 H 4 ) a (OC 4 H e ) c OR 3 and 

-CH 2 CH 2 OR 2 (OC 3 H 6 ) b (OC 4 H 8 ) c OR 3 wherein R 2 is an alkylene group having at least 2 carbon atoms, R 3 is 
selected from hydrogen atom, an alkyl group, an aryl group and an acyl group, R 5 is a C2 to C18 straight- 
chain or branched-chain alkyl substituent, a, b and c independently have an average value from 1 to 150, x 
has an average value of 1 to 1000, y has an average value of 1 to 100 and z has a value of 1 to 200; 

35 (B) at least one surfactant; 

(C) at least one volatile methylsiloxane fluid; and 

(D) water. 

7. An emulsion according to claim 6 wherein R is methyl, R 2 is an alkylene group having from 2 to 6 carbon atoms, 
40 R 3 is selected from hydrogen atom, methyl or an acyl group having the formula -OCR 4 wherein R 4 denotes an 

alkyl group, x has an average value from 1 0 to 1 00, y has an average value from 1 to 1 0 and a, b and c independently 
have an average value from 1 to 50. 

8. An emulsion according to claim 6 or 7, wherein R 1 is a polyoxyalkylene group selected from -CH 2 CH 2 0(CH 2 ) n 
45 (OC 2 H 4 ) a OH, -CH 2 CH 2 0(CH 2 ) n (OC 2 H 4 ) a (OC 3 H 6 ) b OH, -CH 2 CH 2 0(CH 2 ) n (OC 2 H 4 ) a OCH 3 , -CH 2 CH 2 0(CH 2 ) n 

(OC 2 H 4 ) a (OC 3 H 6 ) b OCH 3: -CH 2 CH 2 0(CH 2 ) n (OC 2 H 4 ) a OC(0)CH 3 and -CH 2 CH 2 0(CH 2 ) n (OC 2 H 4 ) a (OC 3 H 6 ) b OC(0) 
GH 3 wherein n has a value of 2-6 and a and b independently have an average value of from 1 to 25. 

9. An emulsion according to any of claims 6 to 8, wherein the emulsion further comprises a silicone gum having a 
so viscosity of at least 1 million mm 2 /s. 

10. An emulsion according co any of claims 6 to 9, wherein the emulsion further comprises an inorganic salt. 
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